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Neutrino Production

versus Radius

MED {wer']

a L ' ! " "

o P - & a Wi 4 W

haAring anirdy, £, (Wed)

From the Earth 8B neutrino production region in the Sun is seen
as a very small disk with angular size ~ 10~
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There are several matter density jumps in the Earth.

Within those jumps matter density changes weakly — adiabatic
conditions of neutrino oscillation is held within layers between
density jumps.

2Pee — i3 — 2575
cos 201»

APee = —
i 2 : S o s P2 ¢
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03, mixing angle at surface,

® full phase in the Earth,

AB}, jump of the mixing angle at the interface of different layers
of the Earth,

¢; phase from the density jump to the detector
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SK Day-Night effect ~ Phys.Rev.Lett. 112, 091805 (2014)

Apx £ (stat) & (syst) AR+ (stat) + (syst)

SK-I (—2.14£20+13)%  (-20+1.7+1.0)%
SK-II (-5.5+42+37)%  (-43+38+1.0)0%
SK-III (=59+32+13)%  (-43+£27+07)%
SK-IV (-53+20+14)%  (-34+1.8+0.6)%
Combined  (—4.241.2+0.8)% (=32+1.1+£05)%

for fit they use Am? = 4.8758 10-5eV?, 015 = 35.8%+, 613 = 9.1°
KamLAND Am? = 7.5 10~°eV/? one expects at SK Apy = —2.1%
Thus SK sees 2 (fitted 1.5) times larger effect — 2 (1.5) times
larger electron density

mater density is known — chemical composition

Therefore there is more (much more) hydrogen must be in the
Earth in order to explain SK DN result
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Liquid Argon detectors.
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fos(E,) = C EZ (EP™ — E, + me) \/(EP® — E, + me)2 — m2
ET ~ 14.1 MeV.

Fluxgs 1 1
5.7 106 cm—2sec—! MeV?® cm?sec

C =260

About 9.7% of B® neutrinos have energy E, > 11 MeV and 0.96
% have energy above E, >13 MeV.
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40Ar has 0 spin and %°K has 4 spin. Therefore it is highly
suppressed direct transition via weak current W exchange. That
transition becomes allowed via intermediate states, excitation
states of “OK, and farther emission of photons. These transition
probabilities are not measured yet. In our numerical study we'll
approximate to

E
Oy Ar 2 2 10_43cm2%

where E, = E, — 5.8MeV.
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In our computations we used the spherically symmetric Earth
PREM model ( density jumps at 15, 25, 210, 400, 670, 2830 and
5150 km from the surface of the Earth.

Trajectories with n < 0.58 cross the core of the Earth.

Annually we expect about 27000 registered electron neutrinos
(E, >11 MeV ) at 40kt liquid argon detector due to the reaction

ve +*0 Ar 50 K 4 e
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Figure: (Annually expected) registered neutrino spectrum on
reconstructed neutrino energy (E,). The number of expected total
registered neutrinos with energy E, > 11 MeV is about 27000 and it
almost does not depend on energy resolution of the detector. solid line
(black) -exact neutrino spectrum, dot line (blue) - 0.5 MeV resolution,
dash line (green) - 1 MeV resolution, dash-dot line (red) -2 MeV
resolution.
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Figure: The relative variation of the boron solar neutrino flux with energy
E, >11 MeV as function of the nadir angle of the neutrino trajectory.
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Figure: The relative excess of night events integrated over E, >11 MeV
as function of the nadir angle of the neutrino trajectory for changed
parameters of density jumps. Red line is the old one with jumps at 15 km
and 25 km; blue-dotted line is for jumps at h; = 20.5 km and h, = 30
km; green-dashed line is for jumps at hy = 15, h, = 30. Parametric
enhancement of oscillations is seen in the 3rd and 4th periods.
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CONCLUSIONS
> Water Cherenkov or scintillator detectors are "shortsighted” .
» DUNE is an unique instrument to scan the Earth

> At night time the regeneration of v, (11MeV < E, <14 MeV ) is
4 %, with modulation up to 10 %. One year of taking data from
one 10 kt module of DUNE far detector will determine the Earth
matter effect at 2.6 o c.|. (SuperKamiokande reached that result
after 20 years of taking data). After 10 years of taking data from all
4 DUNE modules the Earth matter effect will be determined in
more than 16 o c.l.

> Good energy resolution (0 < 7%E,) will make it possible to
measure electron densite at deep layers of the Earth and with the
known density profile of the Earth learn about the chemical
composition of the Earth's interior.
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Earth Density Mode! from PREM Data.xis, Page 1 of 1
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Averaging over neutrino energy
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0

The decrease of F means that contributions from the large
distances to the integral are suppressed.
Gaussian energy resolution function
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Gaussian
— — Box like
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The attenuation factor F as function of (L — x) (distance from
detector). E =10 MeV, 0 =1 MeV, and Am%l =7.5-107% eV2
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HAverage annual weight

Figure: Dependance of average annual weight function on the nadir angle
of neutrino trajectory(n is in radians). Outer core (n < 0.58 ) is "visible”
at Homestake (SD) site about 9% of night time
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1 L
P1e/C123 = cos’ b1y — 5 sin® 2912c123/ dx Ve(x)singl,,,
0

where .
Pu(E)= [ dx An(),
A 2
Ap(x) = 2,7;21 \/[cos 2012 — cZe(x)]? + sin? 2012
_ 2Ve(x)E
)= Am3,
~ 0.03 p(x) \[7.5-105eV? E Ye(x)
T3S, Am3, 10 MeV /\ 0.5
The oscillation length can be written as
2
Im = x 7(TX) = I,[1 + cos 261ac3e + O(€?)].
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